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Introduction
A major reason the oceanic carbon cycle is an important study area is its connection, via gas exchange, with the atmospheric greenhouse gas CO2. The residence time of 14CO2 in the atmosphere with respect to exchange with the oceans is about 10 years, relatively rapid compared to the e-folding time for fossil fuel CO2 [Broecker et al., 1960; Druffel and Linick, 1978] . Following its diffusion across the air-sea interface, CO2 is hydrated and mixed into the upper layer of the water column as dissolved inorganic carbon (DIC). The DIC is fixed by photosynthesis in the euphotic zone to particulate organic carbon (POC), and a portion of the POC falls through the water column (POCsink). A large portion of this POCsink is remineralized by marine organisms including bacteria or otherwise transformed into smaller particles that remain suspended (POCsusp) in the water column for variable periods of time.
These two particle fractions act as a short circuit between the surface and deep ocean carbon pools. This short circuit connection is the subject of this paper.
One of the major questions we address is, How fast does POC that is produced in the surface waters of the ocean transit the water column en route to the deep sea, and how is it altered during its transit? Stable carbon isotope ratios of foraminiferal tests falling into a deep trap in the North Atlantic have been shown to be reliable recorders of near-surface properties 1 month prior to their arrival in the trap [Deuser, 1986] . Thorium isotope results were used to show that the turnover time of suspended matter in the deep tropical Pacific was of the order of 5 to 10 years [Bacon andAnderson, 1982] . This is irrespective of the fact that reaction times are short (a few months), indicating that the surfaces of suspended particles in the deep sea are close to equilibrium, at least with respect to the exchange of metals.
Measurements of bomb-produced 14C in POCsusp in the
North Pacific [Druffel and Williams, 1990 ] and North Atlantic [Druffel et al., 1992] during the late 1980s revealed large gradients of A14C with depth ( Figure 1) . The bomb radiocarbon signal of DIC reached a maximum in the temperate surface oceans in the early 1970s [Druffel and Linick, 1978; Druffel, 1987] . Thus one would not expect a gradient with depth in POCsusp A14C values in the late 1980s, assuming that POC turns over quickly (_<10 years) and vertical fluxes, originating from the surface water, dominate the POC input to the deep ocean. However, it appeared that old carbon was transported to the deep sea via POCsusp (and to a lesser extent via POCsink ) transiting through the water column.
The impetus for this study was to evaluate, on a seasonal basis, the role of POC in the transport of old carbon to the deep sea. While previous measurements of A14C in POCsusp and POCsink from the oligotrophic North Pacific and North Atlantic Oceans [Druffel and Williams, 1990; Druffel et al., 1992] 1996) . It is important to remember that the difference between POC and DOC is based purely on a size-dependent, operational definition. DOC is the organic carbon that passes a 1-/am filter, and POC is that which is collected by it. It may be appropriate to think of DOC and POC as being similar in a number of respects [Vernonclark et al., 1995] , such as their chemical, physical, and isotopic properties. One example of where this may be true is for small POC (1-10/am) and large DOC (10,000 daltons to 1/am). It is also important to note here that the carbon isotopic signatures reported here for POC and DOC samples are of bulk analyses that represent averages of the individual molecular components of each sample. Thus generalizations based on the bulk average isotopic values are all that can be quantified now, until new techniques designed to date individual organic compounds are widely applied to geochemical samples [cf. Eglinton et al., 1996 ].
Sampling Site
Our area of study was a single site (station M, 34ø50'N, 123ø00'W, depth •4100 m) located 220 km west of Point Conception, California, in the northeast Pacific Ocean. Sediments are composed of red clay, and the seafloor has low relief. The southward flowing California Current exerts a dominant influence on the sea surface in this region, and there are spring plumes of chlorophyll Smith et al., 1988] [Peldez and McGowan, 1986 ] that vary on an interannual basis.
Two maxima per year are usually observed in the flux of particulate organic material to the deep sea at station M, the primary one in late spring and the secondary one in early fall [Smith et al., 1994] . The flux values at 600 m above bottom (mab) range from a low of 1-3 mg C m -2 d -• in winter and early spring to a high of 10-25 mg C m -2 d -• during and immediately after the major late spring bloom [Smith et al., 1994] . Fluxes during late spring of 1992 were lower than normal (5-7 mg m -2 d -•) and are attributed to the E1 Nifio-Southern Oscillation (ENSO) event that peaked during this year (K. L. Smith, personal communication, 1995) .
We report data from samples collected during four cruises to station M: Pulse 11 (February 19 to March 2, 1992), Pulse 12 (June 19 to July 1, 1992), Pulse 15 (October 15-27, 1992), and Pulse 17 (July 14-23, 1993). These cruises were part of a separate program that emphasized the study of the coupling between near-bottom pelagic POC fluxes and benthic processes [Smith et al., 1994 ].
Methods
Suspended POC was collected using in situ Yentsch pumps [Druffel et al., 1992; Williams et al., 1980] deployed for 2-8 hours at 8-10 depths during February, June, and October 1992 and July 1993. During each deployment, 600-2500 L of seawater were filtered through 0.8-/am pore diameter, precombusted (550øC) quartz fiber filters (Whatman ultrapure QM-A, 145 mm diameter). The filters were then frozen at -20øC in glass jars in the dark.
Sediment traps were used to collect sinking POC at 650, 600, 100, and 50 mab. The traps were Teflon-coated fiberglass cones (120 cm long, 57 cm diameter) with a mouth opening of 0.25 m 2 [Bruland et al., 1981] . Collections were taken for 10-30 days at each depth, with mercuric chloride used in all trap deployments as a poison. There were numerous breaks in the sampling sequences owing to inadequate availability of material. The reader is referred to a separate publication for further details of the sediment trap program for samples collected at 50 and 600 mab [Smith et al., 1994] . Sinking POC was concentrated by gentle vacuum filtration of approximately 0.7 L trap liquid onto precombusted, quartz fiber filters (45 mm diameter, 0.8/am pore diameter).
The filters containing the suspended POC were acidified to pH < 2 with 1% H3PO4 for 24 hours to remove the carbonates, dried under vacuum, and combusted at 850øC for 1 hour in double quartz tubes with CuO and silver according to standard techniques [Druffel et al., 1992] . Aliquots of the sinking POC samples were acidified with 1% H3PO4 and dried at 50øC before combustion as above. CAMS and UCID numbers are as described in Table 1 at four depths: 650, 600, 100, and 50 mab.  All samples were collected over a 30-day period, with the  exception of the 50-mab • r I • , , • i , , , , I , , , r I , , Figures 6a and 6b), and (2) the overall A14C values of POCsusp in the 50-mab samples are lower for all of the profiles (Figure 3a) . We estimate the A14C signature of the organic carbon transported from the surface sediments to 50 mab for each POCsusp profile, assuming that the baseline concentration of POCsusp is equal to that at 600 mab. For example, during February 1992, if 68% (1.42 /•g L-1/2.08 /•g L -1) of the POCsusp at 50 mab had a A14C value of 4%0 (the average value at 650 mab), then the remainder of POCsusp (32%) at 50 mab would have had a A14C of --208%0 in order to balance the observed POCsus-A14C of --64%0 at 50 mab (see Table 1 Figure 4) . However, our data do not allow us to distinguish between local resuspension and lateral transport of resuspended sediment from the continental shelf and slope. In any case, it seems unlikely that resuspended sediment from any location could be the cause of a A14C decrease for so large a portion of the water column. It is more likely that increased sorption of DOC is responsible for the 20%0 lowering of POCsusp A14C in the middepth and deep water pools in early summer.
Seawater

ENSO Effect on POC zX•4C
April through August 1992 was a period of lower than normal flux to the deep sea at station M [Smith et al., 1994] . This period coincided with the ENSO event that was observed worldwide from 1991 to 1993. This site experienced unseasonably warm sea surface temperatures and unusually low flux during 1992 (K. L. Smith, personal communication, 1995) . Despite the presence of ENSO during 1992 at this site, the A14C of POCsusp was similar for the two profiles during June 1992 and July 1993. This points to factors other than ENSO as the cause for low POCsusp A14C during early summer, the most likely factor being additional sorption (via stripping out of the water column) of DOC by POC during June-July.
Future Studies
The time series of carbon isotope results presented here in deep sinking POC and suspended POC, as well as DOC and DIC, are continuing at station M. We are also pursuing isotope studies of detrital aggregates that have been observed on the seafloor at this site during and subsequent to periods of high flux [Smith et al., 1994 ]. If the seawater-sediment boundary is the likely remineralization site for most of the POC falling to the deep sea, then isotope studies of the detrital aggregates and sediment slurry will help reveal the turnover time of this fraction of the actively cycling carbon pool. 
Conclusions
